Immunohistochemical study of osteopontin expression during distraction osteogenesis in the rat.
Distraction osteogenesis (DO) is a limb-lengthening procedure that combines mechanical tension stress with fracture healing to provide a unique opportunity for detailed histological examination of bone formation. Osteopontin (OPN) is a multifunctional matricellular protein believed to play a key role in wound healing and cellular response to mechanical stress. We studied the expression of OPN during DO using standard immunohistochemical (IHC) staining techniques. In addition, we compared the expression of OPN to proliferation (PCNA-positive cells) in the DO gap. After 14 days of distraction in the rat, these stains revealed variations in OPN expression and its relationship to proliferation according to the cell type, tissue type, and mode of ossification examined. Fibroblast-like cells within the central fibrous area exhibited intermittent low levels of OPN, but no relationship was observed between OPN and proliferation. In areas of transchondral ossification, OPN expression was very high in the morphologically intermediate oval cells. During intramembranous ossification, osteoblasts appeared to exhibit a bimodal expression of OPN. Specifically, proliferating pre-osteoblasts expressed osteopontin, but OPN was not detected in the post-proliferative pre-osteoblasts/osteoblasts that border the new bone columns. Finally, intracellular OPN was detected in virtually all of the mature osteoblasts/osteocytes within the new bone columns, while detection of OPN in the matrix of the developing bone columns may increase with the maturity of the new bone. These results imply that the expression of OPN during DO may be more similar to that seen during embryogenesis than would be expected from other studies. Furthermore, the biphasic expression of OPN during intramembranous ossification may exemplify the protein's multi-functional role. Early expression may facilitate pre-osteoblastic proliferation and migration, while the latter downregulation may be necessary for hydroxyapatite crystal formation.